Objectives Large numbers of elderly patients in the USA receive no treatment for esophageal cancer, despite evidence that multimodality treatment can increase survival. Our goal is to identify factors that may contribute to lack of treatment. Materials and Methods Using Surveillance Epidemiology and End Results (SEER)-Medicare Linked Database (2001−2009), we identified regional esophageal cancer patients ≥65 years old. Treatment was defined as receiving any medical or surgical therapy for esophageal cancer. Logistic regression analysis was performed to identify factors associated with failure to receive treatment. Overall survival (OS) was analyzed using the Kaplan-Meier method and Cox proportional hazard model. Results There were 5072 patients (median age, 75 years; interquartile range (IQR), 71-81 years). Majority were treated with definitive chemoradiation (48.49 %). Factors associated with lack of treatment included West geographic region and ≥80 years old. Patients who received therapy had better OS (log-rank, p < 0.001). Compared with treated patients, non-treated patients had worse adjusted OS (HR, 1.43; 95 % confidence interval (CI), 1.33-1.55; p < 0.001). Conclusions Elderly patients with locally advanced esophageal cancer who received treatment had improved 5-year survival compared with patients without treatment. Disparities in utilization of treatment are associated with regional and socioeconomic factors, not presence of comorbidities.
Introduction
Esophageal cancer is the eighth most common cancer worldwide . Despite increased use of multimodality therapies, prognosis for this disease remains dismal with a reported 5-year overall survival (OS) rate of 17.9 %. Treatment for esophageal cancer is based on stage at diagnosis. While surgery remains the primary treatment for early-stage cancers, locally advanced disease generally requires multimodality therapy. Well-designed clinical trials have demonstrated that therapeutic protocols optimized for localized and regional stages of this lethal disease can improve patient survival [ 3 ] . However, despite availability of level 1 evidence to guide the medical and surgical care for these patients, there exists significant inconsistency in delivery of best possible treatments for patients with potentially curable, locally advanced esophageal cancer.
Many factors that lead to disparities in esophageal cancer management have been identified-race, socioeconomic status, type of hospital where diagnosis was made, and geographical variation in delivery of therapy [ [4] [5] [6] [7] . With regards to the elderly population specifically, although there are conflicting reports on outcomes after treatment for esophageal cancer, a number of studies have demonstrated that advanced age does not increase r i s k f o r m o r t a l i t y a f t e r e s o p h a g e c t o m y [ 8 , 9 ] . Additionally, there are other studies that have demonstrated that elderly patients can be treated safely with neoadjuvant therapy, despite potentially experiencing an increase in side effects [ 10, 11 ] . Regardless of this data, there remains a significant bias among healthcare providers against providing Baggressive therapy^to elderly patients who may likely benefit from it.
Although multimodality treatment has been shown to increase survival in this group, a large number of elderly patients in the USA do not receive treatment following diagnosis of esophageal cancer. Since esophageal cancer is most frequently diagnosed in patients between 65 and 74 years of age, we chose to use the Surveillance Epidemiology and End Results (SEER)-Medicare Linked Database to identify the existing national practice patterns for treatment of elderly patients with locally advanced esophageal cancer. Additionally, we sought to examine factors that may contribute to disparities in lack of treatment received by this group of patients.
Materials and Methods

Data Source and Study Population
This was a retrospective cohort study using the SEERMedicare Linked Database from January 1, 2001 to December 31, 2009 . The SEER program consists of Medicare beneficiaries diagnosed with cancer and currently collects data on cancer diagnoses and therapies from 18 regional cancer registries; this covers approximately 30 % of the US population [ 12 ] . Our study population consisted of patients diagnosed with esophageal cancer, which included patients diagnosed with gastric cancer of the cardia since these patients followed esophageal treatment guidelines. Our study was limited to patients with histologically confirmed cancer diagnoses who were continuously enrolled in Medicare parts A and B in the year prior to diagnosis; diagnoses from death certificate or via autopsy reports were not included in our study. Additionally, we narrowed our focus to patients diagnosed with regionalized adenocarcinoma or squamous cell carcinoma (SCC).
Variables
Treatment was defined as receiving any recommended therapy for esophageal cancer-which includes chemotherapy, radiation, surgery (esophagectomy, gastrectomy, or excision/destruction), or a combination of one or more of these interventions. We considered and evaluated 18 possible treatment paths (Appendix 1 
Statistical Analysis
Baseline patient demographics and clinical factors were compared between the treatment and no treatment groups using Student's t test for continuous variables and Pearson's chi-square test for categorical variables. Multivariable logistic regression analysis was performed to identify factors associated with lack of treatment among elderly esophageal cancer patients. First, exploratory data analysis was performed using univariate logistic regression. The initial model included all covariates with associations in exploratory analysis (p < 0.25), as recommended by Hosmer and Lemeshow [ 15 ] . Additionally, all covariates of clinical importance were included, regardless of statistical significance. The model was then refined based on clinical importance of co-variates and their impact on overall fit, as assessed by likelihood ratio tests. As a result, the final logistic regression model for lack of treatment was adjusted for the following covariates: year of diagnosis, SEER region, age, sex, race, marital status, median household income, at least 12 years of education, Charlson comorbidity index, diagnosis of Barrett's esophagus, histology, and differentiation. Overall survival was defined as time (in months) from diagnosis to death or last follow-up date. Survival analysis was performed using the Kaplan-Meier method comparing survival curves with the log-rank test. Multivariable analysis was performed to examine the association between treatment and OS while adjusting for other covariates using the Cox proportional hazard model. Statistical significance was indicated by p value <0.05. All data analyses and management were performed using Stata/MP version 14 (StataCorp LP, College Station, TX, USA).
Results
A total of 5072 regionalized esophageal cancer patients met our study inclusion criteria. Treatment among these patients was fairly underutilized as 1762 (34.74 %) patients received no treatment of any kind. Among those receiving treatment, the first choice was definitive chemoradiation (48.49 %), followed by surgery (16.13 %), radiation alone (12.78 %), chemotherapy alone (11.9 %), surgery + adjuvant (5.38 %), and induction + surgery ± adjuvant (5.32 %) (Fig. 2) . A higher than expected number of patients had not undergone surgery for the following reasons: not recommended (73.36 %), contraindicated (9.91 %), refused (4.78 %), death before treatment (0.68 %), and unknown (11.28 %). Median age was 75 years (interquartile range [IQR], 71-78 years), the vast majority of patients were white (90.65 %) and male (79.26 %), and more than half of patients were married (66.82 %) ( Table 1) . Most of tumors were located in the lower third/cardia/abdominal site (86.87 %), and only 8.87 % of patients were diagnosed with SCC. Patients who left their cancer untreated tended to be older (median, 77 years of age vs 75 years of age; p < 0.001), female (23.84 vs 19.09 %; p < 0.001), unmarried, non-white, and more likely to reside in the West region of the USA (63.39 vs 43.32 %, p < 0.001). Additionally, patients who did not receive treatment had lower median income and lower education. However, there were no significant differences observed in histology, tumor location, and differentiation between both groups of patients.
Several factors, such as SEER region, increased age, marital status, education, and diagnosis of Barrett's esophagus, remained significant in the adjusted logistic regression model that we used to identify factors associated with lack of treatment for esophageal cancer for elderly patients. For example, while administration of treatment varied across all SEER regions, patients from the South and West regions were more likely to not be treated compared with those in the NE region (ref; S: odds ratio (OR) = 1.49, 95 % confidence interval (CI) = 1.17-1.9, p < 0.001; W: OR = 2.59, 2.14-3.13, p < 0.001) ( Conversely, patients diagnosed with Barrett's esophagus had decreased odds of leaving their esophageal cancer untreated (OR = 0.19, 0.14-0.24, p < 0.001). Of all, the factors associated most strongly with lack of treatment were West geographic region and ≥80 years of age.
Elderly patients diagnosed with esophageal cancer who had received any type of recommended treatment had significantly better 5-year OS compared with patients who did not receive any treatment (log-rank, p < 0.001) (Fig. 3) . The 5-year OS was 13.79 % (95 % CI, 12.68-14.94 %), while 5-year OS stratified by receipt of treatment was 14.92 % (95 % CI, 13.55-16.36 %) for treated patients and 11.07 % (95 % CI, 9.3-13.01 %) for untreated patients. Median survival time is listed in Table 3 . In both unadjusted and adjusted Cox proportional hazard regression analyses, lack of treatment was associated with worse OS compared with receiving treatment (adjusted HR = 1.43, 95 % CI 1.33-1.55, p < 0.001) ( Table 4) .
Discussion
Trimodality therapy, which is considered standard of care for patients diagnosed with regional esophageal cancer, was used by very few (<6 %) patients in our study; in fact, nearly 35 % of patients with potentially curable esophageal cancer received no treatment for their disease. Regional and socioeconomic disparities, increasing age, and marital and educational status were associated with lack of treatment. It is important to note that patients who had undergone treatment-even treatments with no curative intent-had improved overall and cancer-specific 5-year survival rates.
Our results are supported by previous findings and illustrate a general national trend in the management of older patients affected by this very aggressive cancer. IQR interquartile range underused significantly in the USA, with only 34 % of the 2386 SEER-Medicare patients with stage I, II, and III disease having undergone esophagectomies in their study [ 16 ] . As in our current study, Paulson and colleagues found the racial and socioeconomic disparities were associated with lack of treatment-only 19 % of non-white patients and 28 % of patients living in areas with higher poverty rates had undergone surgery. These factors may be associated with decreased access to specialized treatment centers, thereby resulting in underutilization of surgical therapy. In a study that compared national SEER registry data to both regional data from the Healthcare Association of New York State registry and single-institution data from the University of Rochester Medical Center (URMC), which specializes in the treatment of esophageal cancer [ 17 ] , a significantly higher percentage of patients with esophageal cancer had undergone resection at URMC (68 %) compared with the state of New York (42 %) and in the USA in general (36 %). When looking only at stage I-III disease, rate of resection at URMC was 88 % compared with 44 % in SEER registry patients.
Paulson et al. reported that esophagectomy is
Underutilization of surgery may be related to high rates of mortality and morbidity that have been reported with esophagectomies. This is particularly relevant in elderly patients who may have limited life expectancy. Herein, we have demonstrated that neoadjuvant concurrent chemoradiotherapy followed by surgery is rarely administered to patients with locally advanced disease, despite the knowledge that trimodality treatment improves survival of these patients [ 18 ] . Instead, we have found that the most common type of treatment was definitive chemoradiation. One factor that has potentially influenced treatment decisions may be existence of two randomized trials that showed no improvement with the addition of surgery after chemoradiation [ 19, 20 ] . However, it is important to note that these trials showed very high perioperative mortality (10 %), which was much higher than the mortality rates (0.5-4.0 %) reported recently by highly specialized and high-volume centers [ [21] [22] [23] [24] [25] . Taking into account these important discrepancies, the 2007 National Comprehensive Cancer Network (NCCN) esophageal cancer guidelines state that surgical mortality was too high in these trials, thus making it difficult to compare survival using trimodality therapy versus definitive chemoradiation [ 26 ] . Concerns about side effects may also influence the decision to limit treatment for elderly patients, although several recent studies have shown that multimodality therapy can be tolerated by elderly patients. For example, Sylvie et al. reported recently that in their study they evaluated 174 patients ≥70 years of age who had undergone neoadjuvant chemotherapy followed by surgery and compared their outcomes with those of patients 70 years of age. They found that elderly patients had pathological complete remission and survival rates comparable with younger patients, even when less intensive chemotherapy regimens were required. Postoperative mortality and morbidity were also comparable among the younger and older groups, thus suggesting that age alone is not associated with worse outcome after multimodality therapy. In fact, advances in perioperative care, centralization of care to high-volume centers, and introduction of minimally invasive techniques have led to a significant decrease in postoperative morbidity after esophagectomy, which makes this option a valid possibility, even for elderly patients [ [27] [28] [29] [30] . Furthermore, the introduction of newer, less toxic induction chemotherapy regimens and safer radiotherapy delivery methods [ 18 ] has been shown to be better tolerated and not associated with increased postoperative morbidity [ 31 ] . It is puzzling that such a large number of patients in our study received no treatment of any kind. We believe that this lack of treatment could be attributed to a nihilistic attitude towards esophageal cancer, patient misinformation regarding modern treatment options, and lack of physician expertise-these are all factors that can be associated with levels of income and education. In fact, several studies have shown that socioeconomic status is closely associated in determining treatment options for cancer patients [ 32, 33 ] . Patients of low socioeconomic status are more likely to have more advanced tumors at time of diagnosis, more comorbidities, and to be less educated about cancer and treatment options. Even in countries where healthcare is equally accessible to the entire population, low socioeconomic status has been shown to be associated with lower probabilities for curative treatments and lower survival rates [ 6 ] . Although previous studies have shown that hospital type at time of diagnosis influences treatment type, we did not find any association between proximity to a National Cancer Institutedesignated cancer center and treatment allocation; however, we did find regional variations in treatment patterns. These variations may reflect differences in treatment practices among physicians, as well as patient break beliefs regarding aggressiveness of care and access to different resources. The treatment rate seems to have increased over time, thereby suggesting possibly an improvement in access to care and awareness among patients and physicians. Continued efforts to further educate healthcare providers and patients regarding overall improved outcomes with this disease as well as enhanced understanding of all treatment options available are critical to change the traditionally hopeless view brought on by a diagnosis of esophageal cancer.
Our study does have several limitations. First, Medicare is an administrative billing dataset. It has been well documented that claims-based databases, such as Medicare, are constructed primarily for reimbursement rather than research purposes and are susceptible to errors due to missing or inaccurately entered codes. However, given that coding errors and missing data should be randomly distributed across all categories, this would seem unlikely to alter the validity of our findings. A second limitation associated with use of administrative data is potential confounding by treatment indication. Although we tried controlling for regionalized stage, we used the Summary Staging classification rather than the American Joint Committee on Cancer classification since the latter was not reliably applied prior to 2004. Summary Staging is a single digit system with only eight categories: in situ, local, regional to lymph nodes, regional by direct extension, both regional lymph nodes and regional extension, regional not otherwise specified, distant, and unknown. Although less detailed, this method of staging has shown longitudinal stability for population-based cancer registries and has been used in numerous studies.
Clinical stage is also not as reliable as pathological stage and patients may have been understaged or overstaged in our study, which may have potentially biased our results. Additionally, since we created so many different treatment groups, we were unable to verify if individual patients may have had incomplete treatment.
A final limitation of our study was the use of a study cohort that was restricted to patients >65 years of age; this could have potentially limited the external validity of our results across the entire age range of esophageal cancer patients. However, we chose to use the SEER-Medicare Linked Database since esophageal cancer is a disease that is predominant in the elderly population (median age, 67 years), thus making this an ideal source of data that captures a sample that is representative of the majority of affected patients in the USA. Additionally, we noted that these data have been used extensively to study many other cancers, with results that are generalizable to younger patients.
Conclusion
In conclusion, a distressingly small percentage of patients in our study received accurate treatment for potentially curable locally advanced esophageal cancer. Predictors of no treatment for esophageal patients included region, socioeconomic status, and age. Treatment was associated with higher overall and cancer-specific survival rates. Better awareness of esophageal cancer and its treatment options for physicians and patients, improved access to care, and recognition of socioeconomic barriers may improve survival rates for patients diagnosed with this deadly disease.
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